Objective: The present study investigated whether self-vocalization enhances auditory neural responsiveness to voice pitch feedback perturbation and how this vocalization-induced neural modulation can be affected by the extent of the feedback deviation. Methods: Event-related potentials (ERPs) were recorded in 15 subjects in response to +100, +200 and +500 cents pitch-shifted voice auditory feedback during active vocalization and passive listening to the playback of the self-produced vocalizations. Results: The amplitude of the evoked P 1 (latency: 73.51 ms) and P 2 (latency: 199.55 ms) ERP components in response to feedback perturbation were significantly larger during vocalization than listening. The difference between P 2 peak amplitudes during vocalization vs. listening was shown to be significantly larger for +100 than +500 cents stimulus. Conclusions: Results indicate that the human auditory cortex is more responsive to voice F 0 feedback perturbations during vocalization than passive listening. Greater vocalization-induced enhancement of the auditory responsiveness to smaller feedback perturbations may imply that the audio-vocal system detects and corrects for errors in vocal production that closely match the expected vocal output. Significance: Findings of this study support previous suggestions regarding the enhanced auditory sensitivity to feedback alterations during self-vocalization, which may serve the purpose of feedback-based monitoring of one's voice.
Introduction
The control of voice fundamental frequency (F 0 ) plays an important role in speech production and contributes to efficient transmission of linguistic and non-linguistic cues for human communication. Two major controlling mechanisms have been proposed to be involved in voice F 0 regulation (Guenther, 2006; Guenther et al., 2006) . First, the feed-forward motor system adjusts the biomechanical parameters of the laryngeal muscles through previously learned motor commands. Second, sensory feedback (kinesthetic and auditory) arising from vocalization is used to minimize mismatch (error) between the intended and actual vocal output. The integration of feed-forward and feedback control mechanisms involves voice F 0 regulation through error-induced corrective commands that update the internal models of the vocal-motor system. Numerous studies have used a pitch perturbation technique to investigate the role of auditory feedback in voice F 0 control (Elman, 1981; Burnett et al., 1997 Burnett et al., , 1998 Larson, 1998; Hain et al., 2000; Natke and Kalveram, 2001; Burnett and Larson, 2002; Donath et al., 2002; Jones and Munhall, 2002; Bauer and Larson, 2003; Xu et al., 2004; Sivasankar et al., 2005; Chen et al., 2007) . Results of these studies have shown that applying real-time pitch shifts to the voice auditory feedback evokes compensatory vocal responses that oppose the direction of the pitch-shifted stimulus (PSS) to maintain F 0 at a desired level. Moreover, other studies have shown that the role of auditory feedback in voice regulation is not limited to pitch compensation. In a series of sensorimotor adaptation experiments it was shown that subjects compensated for shifts in formant frequency of the auditory feedback during vowel production (Houde and Jordan, 1998, 2002; Purcell and Munhall, 2006a,b; Villacorta et al., 2007) . It has also been shown that applying loudness shifts to voice auditory feedback leads to vocal responses that compensate for alteration in voice intensity feedback (Heinks-Maldonado and Houde, 2005; Bauer et al., 2006; Liu et al., 2007) . Evidence from all these studies suggests that auditory feedback plays an important role in online regulation of
